Abstract-We have demonstrated a P-aP
I. INTRODUCTION The trend in portable electronics is to extend the battery lifetime without sacrificing the performance. One approach toward this goal is to reduce the operating voltages without compromising power added efficiency, making devices with lower turn-on voltages more desirable. For heterojunction bipolar transistors (HBTs), a lower bandgap (&) base reduces the turn-on voltage (VoN), and leads to greater efficiency at low-bias conditions. HBTs with InGaAs bases lattice matched to InP substrates offer one possibility that has not been adopted by commercial foundries due to substrate cost, concern over breakage, and possibly lack of 6" wafers. The N-pN HBT is of potential interest for wireless applications. The application of P-n-P HBTs would be in complementary applications, which have so far proven more difficult to realize in GaAs manufacturing than for the Si counterpart. Nevertheless, complementary GaAs-based HBTs should some day provide the same advantages to wireless technology as complementary bipolar BJTs do for analog applications today [6] . Apart from these practical applications, development of the P-n-P HBT with InGaAsN base material allows for some novel new devices due to the unique band alignments present with this material. In this work, we present a new P-n-P InGaAsN DHBT with a GaAs emitter. The Al-free design will simplify or eliminate many of the issues typically associated with AlGaAs.
InGaAsN lattice matched to GaAs is

II. THEORY
InGaAsN is a new material with unique band bowing properties [l] 
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This band alignment is especially suitable for P-n-p HBT applications. The L\Ec offset in an HBT is used to reject majority carrier electrons from the base from being injected back into the emitter. For P-n-p InGaAsN HBTs, the bandgap of the base can be reduced with nearly all of the change in bandgap available for the barrier to back conduction to the emitter. Theoretically larger current gain can therefore be attained in P-n-p InGaAsN HBTs. In practice, there will be 0 t h~ factors limiting current gain, such as defect associated recombination in the base.
In this work, we have investigated ~.~G~.~& . # o . o l for P-n-P DHJ3Ts. The InGaAsN used in this work is lattice matched to GaAs with an & of approximately 1.2 eV, with almost 0.2 eV of aE, when it is stacked next to GaAs. Since the is significant while AEv is extremely small, GaAs can be used as the emitter and the collector material. Hole transport across the emitter-base and the base-collector junction can be achieved without resorting to any exotic junction grading designs. The GaAs collector would allow this device to take advantage of the larger & of G a s , thus allowing good breakdown voltage. In addition, the hole mobility in GaAs is almost 6 time better than in InGaAsN, thus permitting much improved collector characteristics. Similarly, GaAs is better than AlGaAs as the emitter material because it allows an aluminum-free structure, with improved material properties. AlGaAs is suspected of having impurity or defect centers that can enhance recombination and negatively impact reliability.
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GaAs/InGaAsN/GaAs DHBT.
The band diagram of the P-n-P AlGaAsnnGaAsN also has a small but significant AEv comparable to that in AlGaAdGaAs that is a barrier to hole injection into the base. This barrier is not typically thought to cause any problems in conventional P-n-p HBTs, but its elimination may lead to some advantages under low voltage biasing conditions. A DHBT design of this type is unique in having no barriers to the desired current flow from emitter to collector, while maintaining a barrier to back injection in to the emitter.
The GaAsnnGaAsN/GaAs P-n-P DHBT structure is shown in Table I . The corresponding band diagram of this structure shown in Figure 2 .
III. EXPERIMENT
The P-n-P DHBT shown in Table I 
Iv. RESULTS
The GMnGaAsN/GaAs DHBT has a functional current gain (B) that is greater than 45, and the device has nearly ideal N characteristics as shown in Figures 3 and 4 .
Compared to the P-n-p AlGWGaAs HBT, a significantly Thefr of the P-n-P GaAs/InGaAsN/GaAs DHBT is about 12 GHz, comparable to that of a similar AlGWGaAs P-n-p HBT. T h e f m of about 12 GHz observed in the InGaAsN device, however, is almost 2 GHz higher than in a similar
GaAs based P-n-p HBT. The rf characteristics of these devices are compared in Figure 5 . These are excellent results considering that they are either comparable to or better than in the comparable AlGWGaAs device. The comparable f~ values are expected considering that the base layer constitute only a small portion of the total HBT structure, while the GaAs emitter actually provides better hole rransport properties than in a AlGaAs emitter, thus the total transit time required for transport a hole thru the HJ3T structure is not significantly affected. The improved f i ,~ value, however, is somewhat surprising since the GaAs base was expected to be of better material quality than the InGaAsN, but may be due to the advantage of a GaAs emitter over AlGaAs and an improved base-emitter junction.
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V. CONCLUSION
In conclusion, we have demonstrated a GaAs/InGaAsN/GaAs P-n-P DHBT that has shown near-ideal DC charactexistics with a functional of 45, while its rf characteristics are comparable or better than in a similar AlGaAdGaAs HBT. The GaAs emitter in this design eliminates the problems associated with AlGaAs emitters.
And the reduced VON of 0.27 V makes it very useful for lowvoltage complementary electronics that can take advantage of the maturing GaAs foundries.
